OBJECTIVE: To explore associations between body mass index (BMI) and selected indicators of health and well-being and to suggest a healthy weight range (based on BMI) for middle aged Australian women. DESIGN: Population based longitudinal study (cross-sectional baseline data). SUBJECTS: 13 431 women aged 45±49 y who participated in the baseline survey for the Australian Longitudinal Study on Women's Health. RESULTS: Forty-eight percent of women had a BMIb25 kgam 2 . Prevalence of medical problems (for example, hypertension, diabetes), surgical procedures (cholescystectomy, hysterectomy) and symptoms (for example, back pain) increased monotonically with BMI, while indicators of health care use (for example, visits to doctors) showed à J' shaped relationship with BMI. Scores for several sub-scales of the MOS short form health survey (SF36) (for example, general health, role limitations due to emotional dif®culties, social function, mental health and vitality) were optimal when BMI was around 19 ±24 kgam 2 . After adjustment for area of residence, education, smoking, exercise and menopausal status, low BMI was associated with fewer physical health problems than mid-level or higher BMI, and the nationally recommended BMI range of 20 ±25 was associated with optimum mental health, lower prevalence of tiredness and lowest use of health services. CONCLUSIONS: Acknowledging the limitations of the cross-sectional nature of these data, the results ®rmly support the bene®ts of leanness in terms of reducing the risk of cardiovascular disease, diabetes and gall bladder disease. The ®ndings are moderated, however, by the observation that both low and high BMI are associated with decreased vitality and poorer mental health. The optimal range for BMI appears to be about 19±24 kgam 2 . From a public health perspective this study provides strong support for the recommended BMI range of 20±25 as an appropriate target for the promotion of healthy weight in middle aged Australian women.
Introduction
Data from Europe and the USA suggest that population levels of overweight and obesity in the developed countries of the`western' world are growing. 1, 2 There is considerable concern about the public health implications of this trend, which appears to be particularly pronounced in women. 3 In Australia, despite public health and educational attempts to curtail the increase in obesity, between 1980 and 1989 the average weight of women living in Australian capital cities increased by 3.1 kg, while in men it increased by 1.7 kg. 4 In women the most marked weight increase occurs around the time of menopause, making middle aged women most`at risk' of weight-related ill-health. 5 The health consequences of obesity are well documented.
6 ±11 Obesity is clearly associated with increased mortality, 7 and is recognised as a predisposing factor for cardiovascular disease, non-insulin dependent diabetes mellitus (NIDDM), osteo-arthritis, gall bladder disease, some sex-hormone sensitive cancers and sleep apnoea. 10 ±12 There is however an ongoing debate about the health consequences of being mildly to moderately overweight, 6, 7 and about weight gain with increasing age. 13 Current recommendations for American adults no longer condone signi®cant increases in weight after the age of 35 y. 13 The health consequences of underweight are also relatively poorly understood, despite the fact that, on the basis of data from the National Heart Foundation survey 5 and preliminary data from the Australian Longitudinal Study on Women's Health (now known as the Women's Health Australia project 14 ), the proportion of young women who are underweight appears to be increasing.
Overweight and obesity are usually de®ned in terms of body mass index (BMI, weight in kgasquare of height in metres). While there has been some controversy about the appropriateness of BMI for assessing`healthy weight,' alternative measures such as waist : hip ratio (WHR) have not yet been clearly linked with morbidity in women. In any event, WHR is reported less reliably than height and weight, 15 making BMI the more appropriate indicator for large population surveys which rely on selfreported measurements.
Where BMI is used as an indicator of`risk,' it is useful to de®ne the BMI ranges which represent underweight, acceptable weight, overweight or obesity, and to understand how these categories relate to morbidity. Recent US guidelines 13 20 we assessed the prevalence of morbidity with increasing BMI, categorised according to the Australian NHMRC guidelines, 16 with adjustment, where appropriate, for confounders such as area of residence, level of education, smoking, exercise and menopausal status.
Methods

Study sample
The WHA project commenced in 1996, when 41 500 women in three age cohorts, selected randomly for a population-based cohort study, responded to a questionnaire which requested information about a wide range of health-related issues. Details of the methods used have been described elsewhere. 21 The sampling frame was women registered on the national Medicare data base, which includes almost all people who are resident in Australia, including migrants and refugees. Participants were randomly selected, with over-sampling from rural and remote areas. There were no exclusion criteria.
The subjects of this study were 14 205 women aged 45 ± 49 y who participated in the baseline survey for the WHA project. The response rate was 54%. The demographic and social background characteristics of the women are broadly representative of Australian women in this age group, but with an over-representation of married women and those with tertiary education. 21 
Questionnaire
The questionnaire requested information about demographic characteristics; medical history (for example, Have you ever been told by a doctor that you have hypertension, diabetes, heart disease? Have you had any of the following procedures F F F cholescystectomy, hysterectomy? Do you suffer from any of the following symptoms F F F back pain, constant tiredness?); use of health services (for example, How many times in the last twelve months did you visit your family doctor, consult a medical specialist?); current height and weight; health behaviours (for example, current and past cigarette smoking, current levels of exercise, use of hormone replacement therapy); menstrual history and the SF36 health survey. The SF36 contains 36 items which tap eight dimensions of health: role limitations due to physical dif®culties (RP); physical functioning (PF); bodily pain (BP); general health perceptions (GH); role limitations due to emotional dif®culties (RE); social functioning (SF); mental health (MH) and vitality (VT). Summary scores for physical and mental dimensions of health status were also calculated from responses to the SF36 items. 20 Calculation of BMI and estimation of trend curves BMI was calculated using self-reported height and weight, corrected following the method of Waters 22 [Estimated weight 1.007 Â reported weight in kg; estimated height 19.208 (0.879 Â height in cm)]. Subjects whose weight or height information was missing (n 765) or who reported weight as 30 kg, or height as`1 m or greater than 2.5 m (n 9) were excluded from the analyses.
Crude percentages of women reporting selected medical and surgical conditions, symptoms and indicators of health service utilisation, were calculated for women within unit intervals of BMI: 17.5 (labelled as 17), 17.6 ±18.5 (labelled as 18), 18.6 ±19.5 (19)F F F 39.6 ± 40.5 (40), ! 40.6 (41). Trend curves were then estimated to show the relationship between BMI and the percentage of women reporting each health problem or indicator, using locally weighted regression, 23 implemented via the`lowess' function in S-PLUS. 24 Graphs showing the relationship between BMI and each of the eight sub-scale and two summary scores on the SF36 were also produced using the lowess method. (Each line in Figure 2 therefore represents the ®tted curve for 13 431 data points).
Statistical analyses
BMI was assigned to one of ®ve categories, according to the recommendation of the Australian NHMRC: 16 Healthy weight for middle aged women WJ Brown et al `20; ! 20 ± 25; b25 ± 30; b30 ± 40; b40. Adjusted odds ratios (OR) and 95% con®dence intervals (CI) were estimated for each of the conditions, procedures, symptoms and health care utilisation variables using multiple logistic regression, with BMÌ 20 as the reference category. All ORs were adjusted for area of residence, education, smoking, exercise and menopausal status (except that menopausal status was not included as a confounder when the adjusted OR for hysterectomy was estimated). All confounding variables except exercise were treated as categorical explanatory variables. Area was categorised as`urban,'`rural' or remote'; 25 and education level as`no formal education,'`school education,'`post school certi®cateatrade apprenticeshipadiploma' or`university degree.' Four categories of smoking were used: never smoked; now smoke fewer than 20 cigarettes a day; now smoke 20 or more cigarettes a day; and former smoker. Menopausal status was assigned as one of ®ve mutually exclusive categories 26 : currently taking hormone replacement therapy (HRT); no HRT and had hysterectomyaoophorectomy; no HRT and pre-menopause (still menstruating regularly); no HRT and perimenopause (some change to menstrual frequency in the last year); no HRT and post menopause (no menstruation for one year). Level of exercise was determined from self-reported frequency of engaging in`vigorous,'`less vigorous' and`work-related' exercise. Responses of never; once a week; 2 or 3 times per week; 4,5 or 6 times per week; once every day; and more than once every day were scored 0, 1, 2.5, 5, 7 and 10 respectively to approximate weekly frequencies of exercise, with a weighting of 5 (vigorous), 3 (less vigorous) and 1 (work related) to re¯ect exercise intensity. The resulting score was treated as a continuous variable.
Means and CIs for the eight subscales and the two summary scales of the SF36 were also calculated for each BMI category, using the least square means option of the generalised linear models procedure of SAS. 27 All means were adjusted for confounding variables as described above. Pairwise comparisons of the mean SF36 subscale and summary scores were performed, for women with a BMI`20, compared with each of the other BMI categories. Bonferroni corrections were used to reduce the effects of in¯ated type 1 errors due to multiple comparisons.
Results
The means ( AE s.d.) for height and weight of the 13 431 subjects were 164 AE 6.95 cm and 68.2AE 14.49 kg, and the mean ( AE s.d.) BMI was 25.7AE 5.28 kgam. 2 The relationships between BMI and prevalence of speci®c medical problems (hypertension, and diabetes), surgical procedures (cholescystectomy and hysterectomy), symptoms (back pain and chronic tiredness) and health care use, are shown in Figure  1 . For hypertension, diabetes, cholescystectomy, hysterectomy and symptoms, there was a monotonic relationship with BMI. However the indicators of health care use showed a`J' shaped curve with the lowest utilisation occurring in women with a BMI of 24 ±25 kgam 2 .
The relationships between BMI and SF36 scores are shown in Figure 2 . For three of the four physical health subscales (PF, BP and GH) scores were highest for BMI around 22±23, and fell markedly when BMI was b25. For the mental health components, scores were highest for three of the sub-scales (SF, MH, VT) for the BMI range 21±24, with a marked decrease at BMI values b25, particularly for VT. The graph of the MH component summary scores showed highest scores at BMI around 23, with lower scores for both BMI`20 and b25 (see Figure 2) .
The proportion of women in each BMI category, and the distribution of the confounding variables across the BMI categories are shown in Table 1 . Less than half the participants were in the`healthy' range as de®ned by the Australian NHMRC. The proportion of women in the highest BMI category was greatest in women from remote areas, and the proportion of women in the`healthy' range was highest for tertiary educated women. There was greater representation of smokers, and lower representation of women who had had a hysterectomy, in the underweight category.
The adjusted ORs for four BMI categories, relative to the reference category of BMI`20, show that the prevalence of each of the selected medical conditions, surgical procedures and back pain increased progressively in each BMI category b25, to maximum risk at BMI b 40 ( Table 2 ). The only exception was hysterectomy, for which the OR was highest in the BMI b30 ± 40 category. The most marked increases in ORs with increasing BMI, were for hypertension, diabetes and cholescystectomy. For chronic tiredness and the two indicators of health care use, prevalence was lowest for women with BMI between 20 ±25 (see Table 2 ).
Mean scores for each of the eight SF36 sub-scales, and for the two summary component scores, are shown in Table 3 . Women in the BMI`20 and ! 20 ± 25 categories tended to score consistently higher on the physical health sub-scales and physical component summary score. However women in the lowest BMI category scored lower than those in the ! 20 ± 25 category on the general health subscale. Similarly, for mental health, scores for women in the lowest BMI category were lower than those in the ! 20 ± 25 category on all four sub-scales and on the mental health component summary score. Scores were highest for women in the ! 20 ± 25 BMI category (see Table 3 ).
Healthy weight for middle aged women WJ Brown et al Figure 1 Relationship between body mass index (BMI) (in intervals of 1 kg/m 2 ) and crude percentage of women reporting medical problems, surgical procedures, symptoms and health care utilisation.
Healthy Figure 2 Relationship between body mass index (BMI) (in intervals of 1 kg/m 2 ) and means for SF36 sub-scale and summary scores for women aged 45±49. (RP role limitations due to physical dif®culties; PF physical functioning; BP bodily pain; GH general health perceptions; RE role limitations due to emotional dif®culties; SF social functioning; MH mental health; VT vitality). 
Discussion
What is a healthy weight range for middle aged women? The results presented here suggest that the answer is BMI between about 19 and 24. However, it depends to some extent on which conditions are being considered. High BMI was associated with increased reporting of hypertension, diabetes, cholescystectomy and back pain; while BMI between 19 and 24 was associated with optimal mental health and vitality and lowest levels of tiredness and use of health services. An important contribution of this study is the analysis of BMI by single unit intervals. With a sample size of 13 431 we were able initially to avoid arbitrary categories of BMI and to produce graphs of prevalence of self-reported morbidity and SF36 scores. These graphs clearly illustrate a graded increase in prevalence across the entire BMI range for some variables (for example, hypertension, cholescystectomy); while for others there was increased prevalence (or decrease in SF36 score) above a BMI of around 24 kgam 2 (for example, tiredness, medical consultations, general health, mental health).
Subsequent analyses were conducted to adjust for the effects of area of residence, education, smoking, exercise and menopausal status, which are potential confounders between some of the conditions and BMI. However, the more re®ned analyses did not alter the main ®ndings. We did not adjust for alcohol intake because only 1.1% of the women reported that they consumed more than two alcoholic drinks per day. In addition to replicating previous ®ndings of direct relationships between BMI and hypertension, coronary heart disease, diabetes and gall bladder disease, 6 ,10,17 we found similar relationships with symptoms of tiredness and back pain, which are among the most common symptoms reported as health concerns by women. 28 We also found higher rates of hysterectomy in women with BMI b 25, which we are unable to explain, because we did not ask the reason for the hysterectomy. The lower hysterectomy rate in the group with BMI b 40 could be due to surgical risk in very obese women, however this trend was not statistically signi®cant.
Associations between overweight and obesity and psychological well-being have also been well documented 10, 29, 30 and are con®rmed by this study. However, while there were very few women in this study with BMI`17 kgam 2 , there was an association between moderately low BMI (17±18) with poorer mental health and indicators of tiredness and reduced vitality. As reduced mental well-being and increased tiredness in thin women may be a re¯ection of underlying illness, we repeated the analyses, excluding those women who reported unwanted weight loss of 5 kg or more in the last six months (5% of the sample). This did not alter the main ®ndings. Thus while Table 3 Means and 95% con®dence intervals (CI) for the eight sub-scales and the two summary scores of the SF36 by body mass index (BMI) category, after adjustment for area of residence, education, smoking, exercise and menopausal status. 31 it may also be true that thin women experience more tiredness as a result of low energy intake. The cross-sectional nature of the data, which could be viewed as a major limitation of the present study, mean that questions of cause and effect cannot be answered at this stage. However, as the study moves into its longitudinal phase, the role of BMI in predicting changes in mental and physical health will be explored.
SF36
A second limitation of the study is that all the information, including the height and weight measurements, as well as symptoms, medical conditions and health service use, were self reported. Women are known to underestimate their weight and over-estimate their height, so that estimated BMI values tend to be lower than actual ones. 32 To correct for this bias we calculated BMI using adjustments to heights and weights based on comparisons of self reported and actual measurements of 4727 women in the risk factor prevalence study conducted by the Australian National Heart Foundation in 1989. 22 On the issue of self report, a previous Australian study has shown that there may also be under-reporting of health service use, 33 but this appears to occur uniformly across the range from low to high frequency of use. Provided the bias is unrelated to BMI, it would be unlikely to signi®cantly affect the relationship between BMI and health service use. In the WHA study it will be possible, in due course, to assess the magnitude of any such bias, by linking the self reported survey data to Medicare claims data for the study participants.
The study population was drawn from a whole population data base, without exclusion of the very sick or in®rm. While the response rate for the study was 54%, the participants were similar to women of similar age in the general population, with respect to smoking 34 and exercise levels. 35 There was, however, slight over-representation of married women (80.7% compared with 77.1% in the population) and of women with higher levels of education (10.1% with a university degree compared with 5.0% in the population). 21 Previous studies have shown that women who are not employed or who have lower levels of education, are more likely to be overweight or obese, 3 so it is likely that our sample includes fewer women with high BMI than the general population. Moreover, women with higher levels of education are likely to have better preventive health care, so the prevalence of health problems may be under-estimated. The effect of these biases may be that we have slightly over-estimated the optimal range for BMI.
As there is a dearth of information about the health of women living in non-metropolitan areas of Australia, and because we needed good estimates of health status and health service utilisation, women living in rural and remote areas were over-sampled. In light of the tendency for women from these areas to be more overweight, we adjusted for area of residence in the analyses.
Generally the results presented here, and recently elsewhere, 6Y7 support the bene®ts of leanness, in terms of reducing the risk of cardiovascular disease, diabetes and gall bladder disease. In this context, the 1995 US move toward de®ning`healthy' BMI as`25 kgam 2 is supported. 13 However, support for the bene®ts of being lean should be tempered by the ®nding that BMI below about 19 kgam 2 is associated with decreased vitality, increased tiredness, poorer mental health and increased use of health services. Establishing the direction of causality will need further investigation, which will be possible from this study in the future.
As the mean BMI of women in this study (25.7 kgam 2 ) was above the upper limit of both current US and Australian recommendations for`healthy' weight, it is timely that the NHMRC has recently proposed the development of national strategies for the prevention of further increase in overweight and obesity in Australia. 36 The data presented here con®rm that for middle aged women, BMI in the range 19 ±24a25 kgam 2 is associated with optimal health.
